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· Automotive Body, Chassis, Accessories and Garage Equipment Sectional Committee, TED 6

FOREWORD

This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by
the Automotive Body, Chassis, Accessories and Garage Equipment Sectional Committee had been approved by
the Transport Engineering Division Council.

This standard was first published in 1993 keeping in view the need of Automotive Industry. This revision has
been under taken based on the experience gained over the years and need for its alignment with European
practice. Following standards were referred for the formulation of this standard:

a) EEC directives:

Annex 3 of 77/649IEEC last amended by 90/6301EEC - Field of vision of motor vehicle drivers

Annex 4 of 74/60IEEC last amended by 2000/4IEEC - Motor vehicles interior fittings

b) ECE regulations:

Annex 6 ofECE RI2 (Revision 3 -Amendment 3,2(02) - Protective steering

Annex 3 of ECE R32 (Revision I, 1999) - Behaviour of vehicle structure in rear impacts

Annex 3 of ECE R33 (Revision I - Amendment I, 2(00) - Behaviour of vehicle structure in frontal
impact

Annex 6 of ECE R 94 (Revision I - Amendment 4,2(03) - Protection of the occupants in the event
of a frontal collision

Annex 3 of ECE R 95 (Revision I - Amendment 4, 2(05) - Protection of the occupants in the event
of a lateral collision

c) SAE J826 JUN 2002 - H-point machine and design tool procedures and specifications

d) ISO 6549-1999 Road vehicles - Procedure for H- and R-point determination

In the formulation of this standard, an attempt has been made to provide recommendatory dimensions and weights
for the 3D H-machine from the industrial practice. This will help engineers working in the area of safety to
Constructsuch machines.

Fordetailsof construction of the 3D H-machine refer to Society ofAutomotive Engineer (SAE), 400 commonwealth
Drive,Warrendale,Pennsylvania 15096, United States of America. The 3D H-machine corresponds to that described
in ISO Standard 6549-1980.

Annex A describes the three dimensional 'H' point machine, Annex B describes three dimensional reference
system, Annex C lists the reference data concerning seating positions and Annex 0 explains procedure for
measuring 95th percentile adult male 'H' point and torso angle requirements using 50th percentile manikin in
order to establish the non mandatory measurements if required.

In reporting the results of a test of analysis made in accordance with this standard, if the final value, observed or
calculated, is to be rounded off, it should be done in accordance with IS 2 : )960 'Rules for rounding off numerical
values (revised)'.
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Indian Standard

AUTOMOTIVE VEHICLES - PROCEDURE FOR
DETERMINING THE 'H' POINT AND THE

TORSO ANGLE FOR 50th PERCENTILE
ADULT MALE IN SEATING POSITIONS OF

MOTOR VEHICLES

( First Revision)

1 SCOPE

The procedure described is used to establish the 'H'
point location and the torso angle for one or several
seating positions in a motor vehicle for a 50th percentile
adult male and to verify the relat ionship of measured
data to design specifications given by the vehicle
manufacturer.

NOTE - In any seating pos ition other than front seats where
the ' H' point cannot be detennined using the "Three dimensional
'H' point machine" or procedures, the ' R' point indicated by
themanufacturer may be taken as a reference at the discretion
of the competent authority.

2 DEFINITIONS

For the purpose of this standard the following
definitions shall apply.

2.1 Reference Data - One or several of the following
characteristics of a seating position:

a) The 'H' point and the 'R' point and their
relationship.

b) The measured torso angle and the design torso
angle and their relationship.

2,2 Three-Dimensional 'H' Point Machine
(3D H-Machine) - The device used for the
determination of 'H' points and torso angles . This
device is described in Annex A.

2.3 'H' Point-The pivot centre of the torso and thigh
of the 3D H-machine installed in the vehicle seat in
accordance with 4. The 'H ' point is located in the centre
of the centreline of the device which is between the
'H' point sight buttons on either .side of the
3D H-machine. The 'H' point corresponds theoretically
to the 'R' point (for tolerances, see 3,2.2). Once
determined in accordance with the procedure described
in 4, the 'H' point is considered fixed in relation to the
seat-cushion structure and to move with it when the
seat is adjusted.

2.4 'R' Point or Seating Reference Point - A design

point defined by the vehicle manufacturer for each
seating position and established with respect to the
three-dimensional reference system.

2.5 Torso-Line - The centreline of the probe of the
3D H-machine with the probe in the fully rearward
position.

2.6 Torso Angle - The angle measured between a
vertical line through the 'H' point and the torso line
using the back angle quadrant on the 3D H-machine.
The torso angle corresponds theoretically to the design
torso angle (for tolerances, see 3.2.2),

2.7 Design Torso Angle - The angle measured
between a vertical line through the 'R' point and the
torso line in a position which corresponds to the design
position of the seat-back established by the vehicle
manufacturer.

2.8 Centre Plane of Occupant (CILO) - The median
plane of the 3D H-machine positioned in each
designated seating position ; it is represented by the co
ordinate of the "H" point on the "Y" axis. For
individual seats, the centre plane of the seat coincides
with the centre plane of the occupant. For other seats,
the centre plane of the occupant is specified by the
manufacturer.

2.9 Three Dimensional Reference System - A
system as described in Annex B.

2.10 Fiducial Marks - Physical points (holes,
surfaces, marks or indentations) on the vehicle body
as defined by the manufacturer.

2.11 Vehicle Measuring Attitude - The position of
the vehicle as defined by the co-ordinates of fiducial
marks in the three-dimensional reference system.

3 REQUIREMENTS

3.1 Data Presentation

For each seating position where reference data are
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required, in order to demonstrate compliance with the
provisions of the present Directive, all or an appropriate
selection of the following data shall be presented in
the form indicated in Annex C.

3.1.1 The coordinates of the 'R' point relative to the
three-dimensional reference system.

3.1.2 The design torso angle.

3.1.3 All indications necessary to adjust the seat (if it
is adjustable) to the measuring position set out in 4.3.

3.2 Relationship between Measured Data and
Design Specifications

3.2.1The coord inates of the 'H' point and the value of
the torso angle obtained by the procedure set out in
item 4 below shall be compared, respectively, with the
coordinates of the 'R ' point and the value of the design
torso angle indicated by the vehicle manufacturer.

3.2.2 The relative positions of the 'R' point and the 'H'
point and the relationship between the design torso angle
and the torso angle shall be considered satisfactory for
the seatingpositionin question if the 'H' point,as defined
by its coordinates, lies within a square of 50 mm side
length with horizontaland vertical sides whosediagonals
intersect at the 'R' point, and if the torso angle is within
5° of the design torso angle.

3.2.3 If these conditions are met, the 'R' point and the
design torso angle shall be used to demonstrate
compliance with the provisions of this standard.

3.2.4 If the 'H' point or the torso angle does not satisfy
the requirements of 3.2.2 above, the 'H' point and the
torso angle shall be determined twice more (three times
in all). If the results of two of these three operations
satisfy the requirements, the conditions of 3.2.3 shall
apply.

3.2.5 If the results of at least two of the three operations
described in item 3.2.4 do not satisfy the requirements
of 3.2.2, or if the verification cannot take place because
the vehicle manufacturer has failed to supply
information regarding the position of the 'R ' point or
regarding the design torso angle, the centroid of the
three measured points or the average of the three
measured angles shall be used and be regarded as
applicable in all cases where the 'R' point or the design
torso angle is referred to in this standard.

4 PROCEDURE FOR 'U' POINT AND TORSO
ANGLE DETERMINATION

4.1 The veh icle shall be preconditioned at the
manufacturer's discretion, at a temperature of 20 ±
10°C to ensure that the seat material reaches room

2

temperature. If the seat to be checked has never been
sat upon, a 70 to 80 kg person or device shall sit on the
seat twice for 1 min to flex the cushion and back . At
the manufacturer's request, all seat assemblies shall
remain unloaded for a minimum period of 30 min prior
to installation of the 3D H-machine.

4.2 The vehicle shall be at the measuring attitude
defined in 2.11.

4.3 The seat, if adjustable, shall be adjusted first to the
rearmost normal driving or riding position, as indicated
by the vehicle manufacturer, taking into consideration
only the longitudinal adjustment of the seat, excluding
seat travel used for purposes other than normal driving
or riding positions. Where other modes of seat
adjustment exist (vertical, angular, seat-back , etc) these
will be then adjusted to the position specified by the
vehicle manufacturer. For suspension seats, the vertical
position shall be rigidly fixed corresponding to a normal
driving position as specified by the manufacturer. In the
absence of spec ification of seat back angl e by the
manufacturer, it shall be adjusted to an angle as near as
possible to 25° with respect to vertical.

4.4 The area of the seating position contacted by the
3D H-machine shall be covered by a muslin cotton, of
sufficient size and appr opriate texture, described as a
plain cotton fabric having 18.9 threads/ern! and
weighing 0.228 kg/m?or knitted or non-woven fabric
having equivalent characteristics.

If a test is run on a seat outside the vehicle . the floor
on which the seat is placed shall have the same essential
chara cterist ics!' as the floor of the veh icle in which
the seat is intended to be used.

4.5 Place the seat and ba ck assembly of the
3D H-machin e so that the centre plane of the occupant
(Czl.O) coincides with the centre plane of the
3D H-machine. At the manufacturer's request, the
3D H-machine may be moved inboard with respect to
the C/LO if the 3D H-machine is located so far
outboard that the seat edge will not permit leveling of
the 3D H-machine.

4.6 Attach the foot and lower leg assemblies to the seat
pan assembly, either individually or by using the T-bar
and lower leg assembly. A line through the 'H' point
sight buttons shall be parallel to the ground and
perpendicular to the longitudinal centre plane of the seat.

4.7 Adjust the feet and leg positions of the
3D H-machine as follows.

4.7.1 Designated Seating Position: Driver and Outside
Front Passenger

I) Till angle. height difference with a seat mounting. surface
texture. etc.

 



4.7.1.1 Both feet and leg assemblies shall be moved
forward in such a way that the feet take up natural
positions on the floor. between the operat ing pedals if
necessary. Where possible the left foot shall be located
approximately the same distance to the left of the centre
plane of the 3D H-machine as the right foot is to the
right. The spirit level verifying the transverse orientation
of the 3D H-machine is brought to the horizontal by
readjustment of the seat pan if necessary, or by adjusting
the leg and foot assemblies towards the rear.

The line passing through the ' H' point sight buttons
shall be maintained perpendicular to the longitudinal
centre plane of the seal.

4.7.1.2 If the left leg cannot be kept parallel to the right
leg and the left foot cannot be supported by the
structure, move the left foot until it is supported. The
alignment of the sight buttons shall be maintained.

4.7.2 Designated Seating Position: Outboard Rear

For rear seats or auxiliary seats, the legs are located as
specified by the manufacturer. If the feet then rest on
parts of the floor which are at different levels, the foot
which first comes into contact with the front seat shall
serve as a reference and the other foot shall be so
arranged that the spirit level giving the transverse
orientation of the seat of the device indicates the
horizontal.

4.7.3 Other Designated Seating Positions

The general procedure indicated in 4.7.1 shall be
followed except that the feet shall be placed as specified
by the vehicle manufacturer.

4.7.4 In case of seats referred to in 4.7.2 and 4.7.3 with
multiple seating positions where R points of the seating
position have not been defined by manufacturer. the
centerline for 3D H-machine positioning for each
seating position shall be determined by dividing the
total seat width by the number of occupants and
deriving the centerline there from.

Further as explained in 4.5, at the manufacturers
request the 3D H-machine may be moved inboard with
respect to the elLo ifthe 3D H-machine is located so
far outboard that the seat edge profile will not permit
proper leveling of the 3D H-machine.

4.8 Apply lower leg and thigh weights and level the
3D H-machine.

4.9 Tilt the back pan forward against the forward stop
and draw the 3D H-machine away from the seat-back
using the T-bar. Reposition the 3D H-machine on the
seat by one of the following methods:

4.9.1 If the 3D H-machine tends to slide rearward, use
the following procedure. Allow the 3D H-machine to
slide rearward until a forward horizontal restraining
load on the T-bar is no longer required that is until the

3

IS 13749 : 2009

seat pan contacts the seat-back. If necessary. reposition
the lower leg.

4.9.2 If the 3D H-machine does not tend to slide
rearward, use the following procedure. Slide the
3D H-machine rearward by applying a hor izontal
rearward load to the T-bar until the seat pan contacts
the seat-back (see Fig. I) .

4.10 Apply a 100 :t 10 N load to the back and pan
assembly of the 3D H-machine at the intersection of
the hip angle quadrant and the T-bar hous ing. The
direction ofload application shall be mainta ined along
a line passing by the above intersection to a point just
above the thigh bar housing (see Fig. 2 in Annex A).
Then carefully return the back pan to the seat-back.
Care must be exercised throughout the remainder of
the procedure to prevent the 3D H-machine from
sliding forward .

4.11 Install the right and left buttock weights and then,
alternately, the eight torso weights. Maintain the
3D H-machine level.

4.12 TIlt the back pan forward to release the tension
on the seat-back. Rock the 3D H-machine from side
to side through 100 arc (5° to each side of the vertical
centre plane) for three complete cycles to release any
accumulated friction between the 3D H-machine and
the seal.

During the rocking action. the T-bar of the
3D H-machine may tend to diverge from the specified
horizontal and vertical alignment. The T-bar must
therefore be restrained by applying an appropriate
lateral load during the rocking motions . Care shall be
exercised in holding the T-bar and rocking the
3D H-mach ine to ensure that no inadvertent exterior
loads are applied in a vertical or fore and aft direction.

The feet of the 3D H-machine are not to be restrained
or held during this step. If the feet change position,
they should be allowed to remain in that attitude for
the momenl.

Carefully return the back pan to the seat-back and
check the two spirit levels for zero position. If any
movement of the feet has occurred during the rocking
operation of the 3D H-machine, they must be
repositioned as follows :

Alternately , lift each foot off the floor the minimum
necessary amount until no additional foot movement
is obtained . During this lifting, the feet are to be
free to rotate ; and no forward or lateral loads are to
be applied . When each foot is placed back in the
down position , the heel is to be in contact with the
structure designed for this.

Check the lateral sp irit level for zero position; if
necessary, apply a lateral load to the top of the back 
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pan sufficient to level the 3D H-machine's seat pan on
the seat.

.U 3 Holding the T-bar to prevent the 3D H-machine
"rom sliding forward on the seat cushion, proceed as
.ollows:

a) Return the back pan to the seat-back; and

b) Alternately apply and release a horizontal
rearward load, not to exceed 25 N, to the back
angle bar at a height approximately at the
centre of the torso weights until the hip angle
quadrant indicates that a stable position has
been reached after load release. Care shall be
exercised to ensure that no exterior downward
or lateral loads are applied to the
3D H-machine. If another level adjustment of
the 3D H-machine is necessary, rotate the
back pan forward, re-level, and repeat the
procedure from 4,12.

4,14 Take all measurements:

a) The co-ordinates of the 'H' point are

measured with respect to the three
dimensional reference system.

b) The torso angle is read at the back angle
quadrant of the 3D H-machine with the probe
in its fully rearward position.

4.15 Ifa re-run of the installation of the 3D H-machine
is desired, the seat assembly should remain unloaded
for a minimum period of 30 min prior to the re-run.
The 3D H-machine should not be left loaded on the
seat assembly longer than the time required to perform
the test.

4.16 If the seats in the same row can be regarded as
similar (bench seat, identical seats, etc) only one 'H'
point and one 'torso angle' shall be determined for
each row of seats, the 3D H-machine described in
Annex A being seated in a place regarded as
representative for the row. This place shall be:

a) In the case of the front row, the driver's seat;
and

b) In thecase of the rear row or rows, an outer seat.

H-polnt sight
button

H-point pivot

Lateral level

Thigh bar

Knee angle quadrant

Foot angle quadrant

T-bar joining
the knees

Torso weight hanger --"""'1ri4'~'-"';::::::J?t.JI

Back angle level---........

Hip angle quadrant
seat pan

Thigh weight pad -_

Back pan---+-

FIG. I 3D H-MACHINE ELEMENTS DESIGNATION
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ANNEXA
(Foreword and Clauses 2.2, 4.10 and 4.16)

DESCRIPTION OF THE THREE DIMENSIONAL 'H' POINT MACHINE
(3D H-MACHINE)

Table 3 Non-mandatory Values of Select
3D H-Machine Dimensions

Table 2 Mandatory Weight of the 3D H-Machine
(Clause A-3.l)

i) Width across shoulders at widest location 395
ii) Distance across outside of H-point apenures 393
iii) Horizontal distance from H-point to rearof

buttock section 134
iv) Venical distance above seal base ofH-point 97.5
v) Ankle pivot to heel point 107

A-3.2 Tables 3 and 4 give recommendatory values for
some select dimensions and weights of the
3D H-machine. These values are not mandatory and
have been provided here only to serve as a guideline
where sought for the construction of 3D H-machines
by the test agency.

± 1.2

TDJenmce
kg
(4)

DimCIIston
mm
(3)

Welgbt
kg
(3)

76

(2)

Parameter

(I)

i) Weight of the complete 3D H-manikin

(I) (2)

SI No. Parameter

SINo.

A-2 BODY AND LEG ELEMENTS

The back and seat pans are constructed of reinforced
plastic and metal; they stimulate the human torso and
thigh and are mechanically hinged at the 'H' point. A
quadrant is fastened to the probe hinged at the 'H ' point
to measure the torso angle . An adjustable thigh bar.
attached to the seat pan, establishes the thigh centreline
and serves as a baseline for the hip angle quadrant.

A-I BACK AND SEAT PANS

Lower leg segments are connected to the seat pan
assembly at the T-bar joining the knees, which is a
lateral extension of the adjustable thigh bar.
Quadrants are incorporated in the lower leg segments
to measure knee angles. Shoe and foot assemblies are
calibrated to measure the foot angle. Two spirit levels
orient the device in space. Body element weights are
placed at the corresponding centres of gravity to
provide seat penetration equivalent to a 76 kg male.
All joints of the 3D H-machine should be checked
for free movement without encountering noticeable
friction.

A-3 DIMENSIONS AND WEIGHTS OF
3D H-POINT MACHINE SUB-SYSTEMS

Table 4 Non-mandatory Weights 01
3D H-Machine Sub-systems

(Clause A-3.2)

Components simulating back and seal of thebody 16
Torso weigbls-(8 No.'s) 31
Buttock weights (2 No.'5) 8
Thigh weights (2 No.' 5) 7
Leg weights (2 No.'s) 13
Total weight 75

SI No. Parameter RecoIDlDalCled
M1nlmwD Weigllt

kg
(2) (3)

A-3.I The mandated dimensions and weights are given
in A-2 and Fig. 2. They are also given in Tables I and 2.

Table I Mandatory Dimensions for the
3D H-Machine (see Fig. 2 )

SINo. Parameter Dimension Tolcrance
mm mm (I)

(I) (2) (3) (4) i)

i) H-point to knee point 432 ±5 ii)

ii) Kneepoint to anltle point 417 ±5 iii)

iii) T-bar length 10Il424 iv)

(Adjustable) v)

5
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Torso weight

,Thig h weight

-t+- Leg weight

Variable from
108 to 424mm

Direction and point
of application of load

Flo. 2 DIMENSIONS OF THE 3D H-MACHINE ELEMENTS AND LOAD DISTRIBUTION

6
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ANNEXB
(Foreword and Clause 2.9)

THREE-DIMENSIONAL REFERENCE SYSTEM

B-1The three-dimensional reference system is defined
by three orthogonal planes established by the vehicle
manufacturer (see Fig. 3).

B-2 The vehicle measuring attitude is established by
positioning the vehicle on the supporting surface such

that the coordinates of the fiducial marks correspond
to the values indicated by the manufacturer.

B-3 The coordinates of the 'R' point and the 'H' point
are established in relation to the fiducial marks defined
by the vehicle manufacturer.

Zero Y plane (vertical
longitudinal zero plane)

+Z

Zero X plane (vertical
transverse zero plane)

+y----_.JJ

Three-dimensional reference system

Zero Z plane
(horizontal zero
plane)

Supporting surface

FIG.3 THREE DIMENSIONAL REFERENCE SYSTEM

7
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ANNEXC
(Foreword and Clause 3.1)

REFERENCE DATA CONCERNING SEA'fmG POSmONS

C- I CODING OF REFERENCE DATA

Reference data are listed consecutively for each seating
position. Seating positions are identified by a two-digit
code .The first digit is an Arab ic numeral and designates
the row of seats , count ing from the front to the rear of
the vehicle. The second digit is a capital letter which
des ignates the locat ion of the seat ing position in a row,
as viewed in the direction of forward motion ' of the
vehicle; the following letters shall be used :

L = left
C = centre
R = right

C-2 DESCRIPTION OF VEHICLE MEASURING
ATTITUDE

C-2.1 Co-ordinates of fiduc ial marks

x .
y .

z ·········· .
C-3 LIST OF REFERENCE DATA

C-3.1 Seating position: '"

C-3.1.1 Co-ordinates of 'R' point

X .
y .
Z .

C-3.1.2 Design torso angle: .

C-3.1.3 Specification for seat adjustment"

horizontal: . . .. . .. ..•. ..... ... . ... .. .•. . .. ..
vertical: . .... . . ..... .... ... . ... ...• ..... .
angular: .
torso angle: .

NOTE- Listreferencedata for further seatingpositionsunder
C-3.%, C·3.3, etc.

I)Strike out what docs not apply.

ANNEXD
(Foreword)

PROCEDURE FOR MEASURING 95th PERCENTILE ADULT MALE H-POINT
AND TORSO ANGLE REQUIREMENTS USING 50th PERCENTILE MANIKIN

D-Z.I Thigh and Lower Leg Length Settings

D-2.Z Leg Positioning

In the case of 95th percentile settings also, the

D-I In certain appl ications there may be a need to
measure the H-point and Torso angle for a 95 th
percentile adult male .

D-2 In order to undertake these measurements using a
50th percen tile 3D H-Machine the following senings
shall be made on the mach ine:

Setting
Thigh length
Lower leg length

50th perce ntile
432mm
417mm

95th percen tile
456mm
459mm

procedure described in 4 for determining the H-point
using the 50th percentile 3D H-Machine shall be
adopted with the exception of4.7.1.1 which in the case
of 95th percentile settings shall read as follows:

The righ t foot and leg assembly is placed on the
accelerator pedal and the heel on the floor as far
forward as spec ified by the manufacturer.
However, the foot angle shall never be less than
87°. Th is is accomplished by inserting the positive
pin of the H-point machine into the foot assembly.
The shoe sole of the device shall touch , and , if
specified by the manufacturer, is allowed to depress
the accelerator pedal through som e portion of its
travel.

8
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